Objectives: To examine the trend of health-related Internet use (HRIU) among older adults. Methods: We analyzed data from the 2003, 2005, and 2011-2012 iterations of the National Cancer Institute (NCI)-sponsored Health Information National Trends Survey (HINTS). HRIU was measured by 4 online behaviors: seeking health information, buying medicine, connecting with people with similar health problems, and communicating with doctors. Results: Internet use and HRIU among older adults increased substantially from 2003 to 2011 with more significant increases in seeking health information and communicating with doctors online. Overall, the digital health divide between different demographic groups has narrowed, especially in terms of gender, racial/ethnic group, rural/urban residence, and various health statuses; however, age, education, and household income remain persistent predictors of the digital divide. Those in the oldest group (75 or older), those with less than a high school education, and those with very low income (<$25,000/year) continuously lagged behind their counterparts in all aspects of HRIU. Conclusions: Despite an overall increase in HRIU and a narrowed digital divide, significant variations in HRIU in different demographic groups persisted; therefore, we call for more senior-friendly online resources and culturally appropriate interventions to bridge the digital health divide for vulnerable older adults.
last group to adopt Internet use (Choi, 2011; Czaja et al., 2015; Leist, 2013) .
Older adults represent 12.9% of total U.S. population, a proportion that will continue to rise in the coming years and decades. They also represent most of the healthcare expenditures (U. S. Department of Health and Human Services, 2014) . As of 2015, 58% of American seniors (65 years or older) have used the Internet, compared to 81% of 50-64 year-olds and 93% of 30-49-year-olds (Statistica, 2016) .
Researchers of the online health lifestyle and the digital divide have suggested that an individual's lifestyle choices, including HRIU, are not autonomous but are instead constrained or enabled by one's social status and access to economic and other resources (DiMaggio et al., 2004; Hale, 2013; Hale et al., 2014; Zillien & Hargittai, 2009) . Previous studies have shown that age, education, and income were persistent predictors of digital equality (Baker, Wagner, Singer, & Bundorf, 2003) , but other factors, such as gender, health status, race or ethnicity, and rural or urban residence, were also associated with HRIU (Choi, 2011; Choi & Dinitto, 2013; Flynn, Smith, & Freese, 2006; Goldner, Hale, Cotten, Stern, & Drentea, 2013; Greysen, Chin Garcia, Sudore, Cenzer, & Covinsky, 2014; Hale, Cotten, Drentea, & Goldner 2010; Kontos, et al., 2014; Stern, Cotten, & Drentea, 2012) .
The literature also suggests that people of different socioeconomic backgrounds adopt HRIU differently. Seeking health information online is the most typical HRIU and has been widely adopted by most Internet users (Choi, 2011; Hale, 2013) , but adoption of other aspects of HRIU varies across subgroups. For instance, buying medicine online, despite its growing popularity, has not been adopted widely by older adults or people with lower income (Chou et al., 2011; Kontos et al., 2014) . Those with chronic conditions are more likely to communicate with others with similar conditions or email their doctors (Chou et al., 2011) , and those with higher socioeconomic status (SES) are even more likely to do so (Cotten, Ford, Ford, & Hale, 2014; Kontos et al., 2014) .
In the growing literature on the digital health divide, limited research has been conducted among older adults despite the recognized fact that older adults were slow to adopt HRIU (Choi, 2011; Choi & Dinitto, 2013; Flynn, Smith, & Freese, 2006) . Furthermore, in most existing studies on the digital health divide, researchers have typically drawn data from one-time cross-sectional surveys with few focused on the trend of the digital divide . Available literature was also limited in terms of HRIU with few studies examining different behaviors of HRIU (Kontos et al., 2014) . Given the rapid penetration of Internet use among older adults and the dramatic increase of HRIU in Americans, study of the trend toward a digital health divide among older adults is of timely importance. Guided by the theoretical frameworks of the online lifestyle and digital inequality (Hale 2013; Hale et al., 2014; DiMaggio et al., 2004) , we aimed to address these gaps in the literature by analyzing the HINTS data from 2003 , 2005 with the following research questions: (a) What was the overall trend of HRIU among older adults from 2003 to 2011? (b) Did the digital divide widen or narrow among older adults during this time period? and (c) How did the relationship between digital divide and age, education, and income change during this time period? We hypothesized that the digital divide for older adults narrowed, but age, education, and household income remained persistent predictors of HRIU even after controlling for potential confounders. Our study is distinct from previous studies in the following aspects: (a) we drew data from a national representative survey with three assessment points to demonstrate the trends of HRIU in older adults; (b) our analysis covered four different aspects of HRIU including seeking health information, buying medicine or health products, obtaining social support, and communicating with providers online; and (c) we selected age, education, and household income as focal independent variables while controlling other sociodemographic factors such as gender, race/ ethnicity, rural/urban residency, and health status.
Methods

Data Source
We used three iterations of the Health Information Network Survey (HINTS) administered in 2003, 2005, and 2011 to address the research questions noted above. Administered by the National Cancer Institute (NCI) every 1-2 years, HINTS is a nationally representative survey, targeting those in the general population aged 18 or older in the United States. The purpose of this survey was to assess American adults' use of health-related information and their cancerrelated knowledge, attitudes, and behaviors. Information on data collection modes, instruments, and sampling scheme are available on the NCI website at http://hints.cancer.gov/. More detailed descriptions of HINTS methodology, including response rates, weighing procedures, and handling of missing data, were available from previous studies (Finney Rutten et al., 2012; Nelson et al., 2004) . We selected 2003, 2005 , and 2011 because these three iterations of surveys covered similar questions on HRIU, but the 2007 iteration did not. Phone survey was the data collection mode for the three waves of data we included in the analysis.
Measures
HRIU
We defined Internet users as those who answered "yes" to the question "Do you ever go online to access the Internet or World Wide Web or to send and receive e-mail?" We assessed HRIU among Internet users with four dichotomized items (1 = yes, 0 = no) that asked whether respondents used the Internet to (a) seek health information for self or others, (b) buy medicine or vitamins, (c) connect with people with similar health problems, and (d) communicate with doctors in the past 12 months. We analyzed these four variables separately to capture the multidimensional HRIU.
Focal independent variables
The three independent variables of interest were age, education, and household income. Our study focused on older adults 55 years and older, and the participants were grouped into three age groups: 55-64 years old, 65-74 years old, and 75 years and older. We categorized older adults into three groups with 65 and 75 as cutoff points to be consistent with previous studies on older adults' HRIU (Hall, Bernhardt, Dodd, & Vollrath, 2014; Kontos et al., 2014; Levy, Janke, & Langa, 2015) . Participants younger than 55 years old were included as a comparison group. Education level was grouped into high school, some college, and college graduates. Household income was categorized into five groups: less than $25,000, $25,000-$35,000, $35,000-$50,000, $50,000-$75,000, and $75,000 or more.
Other demographic characteristics included in the analyses were gender, race or ethnicity, rural or urban residence, and health status. Race or ethnicity was categorized into four groups: non-Hispanic White, non-Hispanic Black or African American, Hispanic, and other. Rural or urban residence coding was based on the 2003 USDA Rural-Urban Continuum Code (U. S. Department of Agriculture Economic Research Service, 2014). Health status measures included self-rated health and cancer diagnosis. We assessed self-rated health with the question "In general, how is your health?" The responses were grouped into excellent or very good, good, and fair or poor. We also asked participants whether they have ever been diagnosed with cancer (yes or no).
Data Analysis
First, we compared demographic characteristics of the samples at the three assessment points using descriptive analyses χ 2 test; we applied similar approaches to examine the trends of Internet use and all indicators of HRIU at the three assessment points. Second, we compared four indicators of HRIU with independent variables of interest, including age, education, and household income, as well as other demographic variables at three assessment points using the χ 2 test. Finally, we used multivariate logistic regression models for each of the four binary dependent variables and constructed separate models for each year to investigate whether the relationship between HRIU and focal independent variables were significant after controlling for confounders. Such analysis allowed us to examine the changes in the relative effect of each predictor variable over the course of three assessment points. The groups with the highest rates of HRIU served as reference groups. We used STATA 12.0 for descriptive analyses, cross-group comparisons, and multivariate regressions. With regard to missing values, we used listwise-deletion for logistic regression in Stata. We calculated all analyses with the SVY procedure to account for the complex sample design in estimating standard errors and incorporated sampling weights to inferential statistics. The HINTS website and prior studies informed our weighting and statistical procedures (Nelson et al., 2004) .
Results
Demographic Characteristics of the Participants
The total sample sizes in the three surveys were 6,343, 5,568, and 3,891 in 2003, 2005, and 2011 , respectively. The sample sizes of older adults in the three surveys were 2,150, 2,503, and 1,950, respectively. Among these participants, those aged 55-64 represented 39.3% to 46.8% of the total samples, followed by those ages 65-74 (29.9% to 32.4%), and those older than 75 (23.3% to 28.3%). In the three surveys, women accounted for more than half the sample, ranging from 55.8% to 67.5%. 16.5% used the Internet; and the number changed to 33.6% in 2011. Internet use among the group of 65-to 74-year-olds increased from 33.7% to 62.6%; and for the group of 55-to 64-year-olds, it rose from 58.0% to 73.0%. Despite an overall increasing trend, older adults still fell behind younger adults (aged 18-54) in terms of the Internet use, especially for the oldest group (aged 75+) with only 33.6% of them using Internet in 2011 compared to 87.1% of the younger adults (aged 18-54). Table 1 Multivariate Logistic Regression of HRIU by Age, Education, and Household Income As shown in Table 2 , for seeking health information online, all three variables of interest remained significant covariates at the three assessment points. Specifically, when compared to the 55-to 64-year-olds, the odds ratios (ORs) of seeking health information online had increased from 0.46 (95% confidence interval [CI] = 0.33-0.64) to 0.60 (95% CI = 0.44-0.83) for the group aged 65-74 years old and increased from 0.14 (95% CI = 0.08-0.24) to 0.18 (95% CI = 0.12-0.28) for the groups of 65-74 and 75+, respectively, from 2003 to 2011. The ORs for education level slightly decreased from 0.25 (95% CI = 0.12-0.52) to 0.18 (95% CI = 0.12-0.27) for those with only high school education but slightly increased from 0.39 (95% CI = 0.28-0.54) to 0.50 (95% CI = 0.34-0.73) for those with some college education compared to those who had completed college. The ORs for household income had increased from 0.20 (95% CI = 0.11-0.36) to 0.38 (95% CI = 0.23-0.63) for the group with less than $25,000/year but remained steady for the other income groups. Table 3 depicts the results of multivariate logistic regressions of buying medicine online on key variables of interest at three time points. Only age and education were significant in the model of 2011. Specifically, those aged 65-74 were 1.56 (95% CI = 1.02-2.39) more likely to buy medicine online compared to the youngest group of older adults (55-64) in 2011. Those with less than high school education were half less likely to buy medicine online compared to their counterparts who had completed college education (OR = 0.49, 95% CI = 0.28-0.86). Table 4 presents the results of multivariate logistic regressions of connecting with people with similar health problems on key variables of interest at three time points. Neither age nor education was a significant factor in any of the three assessments. Household income was not a significant factor in 2003 or 2005 but became significant (OR = 0.10, 95% CI = 0.02-0.49) in 2011 for those with income <$25,000/year. Table 5 The online appendix includes complete results of multivariate logistic regressions of four behaviors of HRIU by Notes: CI = confidence interval; HS = high school; OR = odds ratio. *p < .05. **p < .01. ***p < .001. necessarily lead to the adoption of various aspects of HRIU, such as connecting with people online. The data may also imply that many online resources, such as online forums or online medication shopping sites, have not earned trust or appealed to the needs and preferences of older adults. Our data also indicate that even after controlling for potential confounders, the four different behaviors of HRIU exhibited varying degrees of association with age, education, and household income. For example, education and household income were both significantly associated with seeking health information online over the three assessment points; only education (but not income) was a significant predictor of buying medicine online; income was the only significant covariate for online connection with people with similar health problems, and neither education nor income was significantly associated with online communication with healthcare providers. We also noted that age was a strong predictor of all four behaviors of HRIU. Some covariates that were significant in some aspects of HRIU in 2003 or 2005, such as race or ethnicity, health status, rural or urban residence, and gender, were no longer significant in 2011.
Trends of Internet Use and HRIU
Such variations in changes of HRIU over the decade of 2003 to 2011 reflected not only an overall narrowing of the digital health divide in older adults but also a persistent relationship between HRIU and age, education, and income. Our findings confirmed our hypotheses guided by the theoretical framework on the relationship between SES and online health lifestyle and were similar to earlier studies on this topic (Choi, 2011; DiMaggio et al., 2004; Hale et al., 2014; Kontos et al., 2014) . Our data provide more detailed information on changes in specific HRIU behaviors over time. We learned that that the oldest group (75 or older), those with less than high school education, and those with annual household income less than $25,000 continuously lagged behind their counterparts in several aspects of HRIU. As theories on the digital divide predict, people's life style choices are determined by their SES, their life style choices also shape the reproduction of social inequality (Zillien & Hargittai, 2009) . If no immediate actions are taken to incorporate these vulnerable groups into the online lifestyle, they may be completely left out in the accelerative eHealth movement. As more and more people have embraced the online health lifestyle, and more and more health resources are available only via Internet, the digital divide will lead to aggregated health disparities (Hale, 2013; Hale et al., 2014; McCully et al., 2013) . The study has several limitations. First, HINTS is a crosssectional data collected every few years, thus the correlations and trends we observed in the data might be subject to sampling bias in each survey. The differences we observed over 3 years could not be tested statistically given that the data came from three cross-sectional surveys instead of a longitudinal assessment, but the changes in adjusted ORs between subgroups at the three assessment points reflected how the digital health divide changed from 2003 to 2011. Second, similar to other surveys, HINTS data might have self-report biases, especially for older adults with some memory issues. Third, HRIU was assessed with only four items on using Internet for health purposes in HINTS; a more reliable and valid scale of HRIU is needed to reflect the variety of HRIU and online lifestyle. Fourth, we included only key demographic characteristics as covariates and did not control for age-related factors, such as declining physical and mental functioning, which are especially pertinent for older adults (Choi, 2011) . Finally, we recognize that the significant association we observed between covariates and HRIU cannot be interpreted as a causal relationship. The strong relationship between age and HRIU might be to the result of cohort effects.
Despite these limitations, to the best of our knowledge, this study was one of the first in which the trends of HRIU among older adults were examined. The findings have implications for narrowing the digital health divide. In a society of ubiquitous Internet access and rapid growth of the eHealth movement, actions are urgently needed to promote HRIU among the vulnerable populations. In an effort to address the digital divide, culturally appropriate and age-specific programs are needed to meet the needs of diverse groups of older adults (Hall et al., 2014) . Scholars of different disciplines have made efforts to address these gaps. For example, engineers have proposed a more age-sensitive design for older adults (Chun, & Patterson, 2012; Pak, Price, & Thatcher, 2009 ); social workers have conducted trainings to promote HRIU among low-income homebound older adults (Choi, An, & Garcia, 2014; Shapira, Barak, & Gal, 2007) ; public health professionals have developed age-specific and culturally appropriate Internet-based or mobile phone-based health promotion programs for older adults (Czaja et al., 2015; Hong et al., 2015) . More research is needed in the new field of digital inequality and its impact on health disparities (Robinson et al., 2015) , especially on reasons for older adults' slow adoption of using the Internet for online communication with doctors and people with similar problems. We call for more age-appropriate online health information for various groups of older adults; we also advocate for culturally appropriate interventions to bridge the digital divide among older adults.
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